In the frame of a taxonomic revision of Hyacinthaceae subfamily Urgineoideae (Asparagaceae tribe Urgineeae) combining morphological and genetic data from numerous samples across its whole range of distribution, we here present a taxonomic revision of Geschollia, a genus originally accepted as monotypic to include G. anomala. This genus was characterized by the single, synanthous, terete leaf; long racemose inflorescence; tepals connate for ca. 1 mm and reflexed at anthesis; spreading to patent stamens; and small polygonal seeds. Our morphological studies in combination with phylogenetic analyses evidence that Geschollia is indeed a strongly supported monophyletic group, which includes eight species matching most of the features cited above. In this context, we here describe five new species in this genus and accordingly expand the original characterization of Geschollia to accommodate these new taxa. Furthermore, two new combinations are presented for previously described species. An identification key is provided for all accepted species in the genus.
Introduction
Hyacinthaceae includes ca. 1000 species of bulbous plants distributed in Africa, Europe and Asia, with a single genus, Oziroë Rafinesque (1837: 53) , in South America (Speta 1998a , 1998b , APG 2003 . Four monophyletic subfamilies are accepted in Hyacinthaceae: Hyacinthoideae, Ornithogaloideae, Oziroëoideae and Urgineoideae (Speta 1998b , Pfosser & Speta 1999 , Manning et al. 2004 . Alternatively, Hyacinthaceae are treated as Asparagaceae subfamily Scilloideae, and consequently the former subfamilies are reduced to the tribes Hyacintheae, Ornithogaleae, Oziroëeae and Urgineeae respectively (APG 2009 , 2016 , Chase et al. 2009 ).
Urgineoideae commonly show short flowering periods, commonly proteranthous leaves, and small size in several species, which have greatly hindered a satisfactory taxonomic circumscription, which is still uncertain in many instances. Although some studies accept only ca. 100 species in Urgineoideae (Manning et al. 2004) , we consider it to include at least 200 species given our current knowledge of this subfamily across their wide distribution range, and the lack of comprehensive taxonomic revisions (Martínez-Azorín et al. 2019b) .
In recent decades subfamily Urgineoideae has been especially controversial regarding the generic circumscription (Speta 1998a , 2001 , Pfosser & Speta 2001 , Manning et al. 2004 , Pfosser et al. 2012 , Martínez-Azorín et al. 2013a , 2013b , 2016 , 2018a , 2018b , 2019a , 2019b , Pinter et al. 2013 , Crouch & Martínez-Azorín 2015 , Crouch et al. 2018 , Manning & Goldblatt 2018 . Indeed, on the one hand, Manning et al. (2004) presented a synthetic approach, accommodating the enormous variation in floral, fruit, seed and vegetative morphologies, and synonymizing several traditionally accepted genera with distinct morphological syndromes. An example of this broad generic circumscription approach was applied by Manning & Goldblatt (2018) to Drimia Jacq. ex Willdenow (1799: 165) , which in this sense, however, contains multiple morphological exceptions or opposites in vegetative and most notably reproductive organs (Martínez-Azorín et al. 2019b ). On the other hand, Speta (1998a Speta ( , 1998b Speta ( , 2001 and Pfosser & Speta (2001) favoured a more analytic approach, in which about 20 different genera were accepted. However, some of these genera have either proved to be, or been interpreted as, para-or polyphyletic (Pfosser & Speta 2001 , Manning et al. 2004 , Pfosser et al. 2012 .
Interestingly, molecular studies on Urgineoideae (Pfosser & Speta 2001 showed that Drimia anomala (Baker 1870: t. 178 ) Baker (1897: 442) from South Africa form an independent well supported clade, leading Speta (2001) to describe the monotypic genus Geschollia Speta (2001: 169) to include this species, which was originally described as Ornithogalum anomalum Baker (1870: t. 178 ). In these phylogenetic analyses (Pfosser & Speta 2001 Geschollia formed a sister clade to Boosia Speta (2001: 168) and Urgineopsis Compton (1930: 107) although relationships among the latter genera were weakly supported. However, some years later, Pfosser et al. (2012) found Geschollia plus Urgineopsis to form a monophyletic clade with moderate support, where both latter genera appeared as supported sister clades.
Our phylogenetic analyses included more than 250 samples of all genera in Urgineoideae from its global distribution, using trnL-F, matK, and ycf cpDNA sequences, as well as a nuclear region (Agt1). Among these samples, 21 belonged to Geschollia, covering some populations of G. anomala (Baker 1870: t. 178 ) Speta (2001: 169) and other species in
Materials and methods
Detailed morphological studies were undertaken on cultivated specimens following the terminology used for species of Hyacinthaceae in Martínez-Azorín et al. (2007 , 2009 . Herbarium specimens from the herbaria ABH, B, BLFU, BM, BOL, E, G, GZU, GRA, HAL, K, L, LINN, M, MO, NBG, NU, NY, P, PRE, S, TCD, UPS, WU, Z, ZSS and ZT (acronyms according to Thiers 2019) were studied. Authors of the cited taxa follow IPNI (2019) . Orthography of geographical names and grid-number system follows Leistner & Morris (1976) . Measurements of leaf width and tepals, stamen and ovary size presented in the morphological descriptions and the identification key were taken on fresh material. Measurements on dry specimens can show considerably lower values.
Results and discussion
Our field work in South Africa and Namibia revealed the existence of a large morphological variability of plants attributed to G. anomala and other related species that were widely distributed in this country, with the highest diversity and abundance in southern central South Africa. Our unpublished phylogenetic results showed a genetic variability that together with a distinct morphological differentiation support the recognition of eight species within this genus, five of them being new and two new combinations, requiring an expansion of the genus morphological characterization. Manning & Goldblatt (2018) commented that capsules of D. anomala are remarkably small (4−6 mm long) considering the inflorescence size, and contain small, strongly angled seeds 1.5−2.0 mm long. This is one of the best diagnostic characters of Geschollia, together with the single, terete leaf that commonly withers from the tip (showing abscissing plates), and the long-racemose inflorescence. Manning & Goldblatt (2018) accepted two further species here included in Geschollia: Drimia occultans, a species that shares the diagnostic characters of the genus, including the small capsules with small, angled, narrowly pyramidal seeds, and Drimia calcarata (Baker 1874 : 723) Stedje (1987 . However, for this latter species we restrict its range to the Eastern Cape Province, with occasional disjunct populations occurring in the western and eastern regions of this country.
Taxonomic treatment
Geschollia Speta (2001: 169) ≡ Ornithogalum subgen. Ledebouriopsis Baker (1870: 178) ≡ Drimia subgen. Ledebouriopsis (Baker) Baker (1897: 437) ≡ Drimia sect. Ledebouriopsis (Baker) J.C. Manning & Goldblatt (2018: 24) pro parte (only Drimia anomala, D. occultans and D. calcarata s.str.).
Typus generis:-Geschollia anomala (Baker) Speta
Deciduous bulbous plant. Bulb hypogeal or rarely semi-epigeal, mostly solitary but rarely proliferous, usually with compact scales but rarely loose, outer scales brownish and membranous. Roots thickened and branched. Leaf solitary (rarely 2), terete, green, commonly leathery, synanthous or proteranthous, deciduous to evergreen, 0.5−7 mm in diameter, smooth, glabrous, usually withering from the tip showing transverse abscission plates. Inflorescence 1 or rarely 2 per bulb, long racemose, erect or slightly bent; peduncle elongated, erect, smooth or sometimes distinctly papillose at base; flower pedicels 2-30 mm long, subpatent. Bracts lanceolate, acute, the lowermost with a broad spur usually longer than the blade; bracteoles absent. Flowers pentacyclic, trimerous, stellate, erect-patent, diurnal, usually opening in the afternoon and withering in the evening. Flower yellowish, orange, greenish or white, with a discrete brownish, green or purple stripe along the middle of the perigone segments, more evident on the abaxial side. Tepals 6, biseriate, spreading to reflexed at full anthesis, with the base usually shortly connate for ca. 1 mm but almost free in general appearance. Stamens 6; filaments filiform, slightly fusiform, erect to spreading, adnate to the base of tepals, commonly glabrous and smooth, sometimes distinctly papillate; anthers yellow, oblong, dehiscing along their whole length. Ovary ovate to oblong, attenuate to truncate at top, green, sometimes with white maculae; style white, narrowly filiform to obtriangular, distinctly trigonous in section, as long as or longer than the ovary; stigma slightly three-lobed and papillose. Capsule ovate-globose, small, 3-6 mm long, trigonous, loculicidal, the 3 valves splitting to the base, with the withered perigone segments circumscissile below and forming an apical cap. Seeds polygonal or irregularly compressed, commonly narrowly pyramidal, small, 1-2(-2.8) mm long, light brown to black, with wrinkled-rugose testa.
Eponymy:-Named after Georg Scholl (1751-1831), a gardener at Schönbrunn botanic garden, Vienna, who together with Franz Boos, travelled to South Africa between 1786 and 1799 collecting plants and animals for Emperor Joseph II of Austria. Their efforts greatly enriched the Schönbrunn gardens and provided much of the material for the beautiful illustrated works of N.J. Jacquin (Gunn & Codd 1981: 317; Glen & Germishuizen 2010: 386) .
Main diagnostic characters and taxonomic relationships:-Species of Geschollia share a syndrome of morphological characters that allow clear recognition, such as the single terete leaf (rarely 2), the long racemose inflorescence (rarely short and few flowered); flowers with shortly connate tepals at base, with spreading to reflexed free portion at anthesis; suberect to spreading filaments; and comparatively small capsules with small polygonal or irregularly compressed angled seeds.
As noted by Martínez-Azorín et al. (2019b) , the basic trimerous flower pattern in Hyacinthaceae is constant, as in most of petaloid monocot families, and variation mainly regards the degree of connation of tepals, adnation and/ or connation of stamens and morphology of the gynoecium, which are the main basis for generic circumscriptions. However, based on previous phylogenetic studies, it is evident that these latter flower characters evolved several times as convergent events in relation to independent and usually distant clades or genera . Therefore, quantitative and qualitative characters of flower morphology must be combined with vegetative, fruit and seed characters, together with biogeographic patterns, in order to recognize supported genera, as evidenced by Martínez-Azorín et al. (2011a) .
Flower morphology in Geschollia seems to be unspecialized, as tepals are nearly free to shortly connate for about 1 mm at the base, hence not providing a constant morphological feature. Accordingly, this character alone should not be used for generic circumscription. Qualitative characters of flower and inflorescence, together with fruit and seed morphology and vegetative characters, allow a confident identification of Geschollia species, and provide also a good basis for a multigeneric treatment in Urgineoideae (Martínez-Azorín et al. in prep.) . In this treatment, the number of accepted genera is more or less the same than that widely accepted in Hyacinthoideae, where Manning et al. (2004) included 11 genera for southern Africa, to which ca. 20 further genera occurring in the northern hemisphere (cf. Speta 1998) have to be added.
Ecology Bulb hypogeal or semiepigeal and photosynthetic, ovoid to subglobose, sometimes depressed in old plants, 2−7 × 2−8 cm, with compact scales, outer scales brownish to greyish and membranous, sometimes with a hypogeal bulb neck covered with papery brown cataphylls, sometimes transversally banded. Roots thickened and branched. Leaf solitary (rarely 2 in cultivation), terete, 10−35 × 0.3−0.7 cm, suberect, curved, leathery, smooth, glabrous, uniformly shiny green or sometimes striated, presenting longitudinal green nerves alternating with regions of shining, refractive cells under the microscope, synanthous or proteranthous, deciduous or evergreen, usually withering from the tip, with transverse abscission plates. Inflorescence 1 or rarely 2 per bulb; raceme elongated, 7−30 cm long, with 20−80 flowers, erect or slightly curved; peduncle elongated, erect, smooth or rarely minutely papillate at the base; flower pedicels 4-10 mm long, subpatent. Bracts lanceolate, acute, 1−2 mm long, the lowermost with a broad spur 2−5 mm long; bracteoles absent. Flowers pentacyclic, trimerous, stellate, erect-patent, diurnal. Flowers yellow, green, white or pink, with a discrete green, brown or purple stripe along the middle of the perigone segments, more evident on the abaxial side. Tepals 6, biseriate, strongly reflexed at full anthesis, shortly connate at the base for 0.5−1 mm, lanceolate-oblong, 4-6 mm long. Stamens 6; filaments filiform to narrowly fusiform, 2-4 mm long, attenuate to the apex, spreading, never approaching the style, adnate to the base of the tepals for less than 1 mm, smooth; anthers yellow, oblong, medifixed, 1-2 mm long, dehiscing along their whole length; pollen yellow. Ovary ovate to oblong, attenuate to truncate at the top, 1.5-2.5 × 1-1.5 mm, green, sometimes with white maculae; style white, narrowly columnar, 2-3.2 mm long, trigonous in section, about as long as ovary or slightly longer; stigma slightly three-lobed and papillose. Capsule ovate, trigonous, 4-5.8 × 2.5-4.1 mm, loculicidal, the 3 valves splitting to the base, with the withered perigone segments circumscissile below and forming an apical cap. Seeds polygonal or irregularly compressed, commonly narrowly pyramidal, 1.1-2 × 0.6-1 mm, light brown to black, with wrinkled-rugose testa. Etymology:-Named after the deviant characters of this species with regards to Ornithogalum, especially when considered in a narrow sense (see Martínez-Azorín et al. 2011a) .
Phenology:-Geschollia anomala flowers after rain almost any time of the year with a peak in summer, between October and January.
Habitat:-G. anomala is found in the Albany Thicket, Fynbos, Grassland, Nama-Karoo, Savanna and Succulent Karoo biomes, as well as the Indian Ocean Coastal Belt and various azonal vegetation types (Mucina & Rutherford 2006) . It grows in a wide range of soils from sandy to rocky and usually occurs in open vegetation and sunny position.
Distribution:-G. anomala is mostly distributed in the Eastern Cape Province of South Africa (Fig. 3) . Diagnostic characters and morphological variability:-Geschollia anomala, as circumscribed here, shows a considerable variability in morphology, but it can be recognized by the relatively thick leaf 3-7 mm wide; the long, multiflowered, racemose inflorescence with pedicels up to 10 mm long; and the small capsules and seeds typical of this genus. The thick leaf, which usually reaches 5-7 mm in cross-section in mature fresh plants, is one of the best diagnostic characters of the species, that differentiate it from G. calcarata, the latter showing a much thinner leaf up to 2.5 mm wide. However, this character can be confusing when working with herbarium material, in which leaf width decreases considerably in dry plants. It is also important to disregard young, immature plants of G. anomala in which leaves can be also thin.
The illustration and description of G. anomala, obtained from cultivated material in London, shows bulbs lacking a distinct neck or cataphylls, matching some wild populations. However, it is also common that the bulb neck bears brown, papery cataphylls clasping the leaf base (MacOwan 1853 GRA!; Dyer 358 GRA!; Barker 5012 GRA!; Galpin 6293 BOL!; among others), and some populations show transversal dark markings, which range from scarcely evident (Paterson 2648 GRA!; Dold 16011 GRA!; Dold 16042 GRA!; Dold 16050 GRA!; Dold 16055 GRA!) to obvious (Dold 16018 GRA!), giving a zebra-banding pattern resembling that present in other Hyacinthaceae species, such as Albuca bakeri Mart.-Azorín & M.B. Crespo in Martínez-Azorín et al. (2011c: 12) , Coilonox zebrinum (Baker 1904 : 92) Speta (2001 and Rhadamanthus fasciatus Nordenstam (1970: 174) , among others.
Several collections showing plain brown rather than distinctly barred cataphylls in combination with usually white flowers (Cruden 195 GRA!; Bayliss 3082 PRE0051144!; Dyer 358 GRA!; Dyer 1206 GRA!; MacOwan 1853 GRA!; Paterson 2648 GRA!; Rattray 829 GRA!; Stayner 58 GRA!; Barker 5066 NBG73272!; Barker 7127 NBG72493!) were named Urginea cataphyllata in scheda by A.A. Obermeyer. We were not able to find reliable characters to differentiate these populations from G. anomala, and therefore we follow Manning & Goldblatt (2018) in placing this informal name in synonymy.
Peduncle of the inflorescence is commonly smooth, but in some populations they show papillae from minute and very scarce (Dold 16011 GRA!; Dold 16042 GRA!) to distinct and abundant (Johnson 167 GRA!; Dold 16055 GRA!), which sometimes co-occur with barred cataphylls; however, these characters appear to be random.
Inflorescence is usually a long raceme with many flowers, and pedicels commonly reach 4-6 mm in length, but in some populations around Willowmore and Steytlerville pedicels gradually lengthen to ca. 9-10 mm (Barker 5066 NBG73272!; Barker 7127 NBG72493! and Bayer s.n. NBG140530!) in combination with whitish flowers, papery whitish cataphylls surrounding the bulb neck and leaves are absent at the anthesis.
Flowers are also variable in colour and size: tepals are yellow, green, white or pinkish, with a discrete green, brown or purple stripe in the middle; they vary from 4-6 mm long, usually connate for 0.5-1 mm. Stamens are spreading, never connivent to the style, but their length varies from 2 to 4 mm. Gynoecium includes an ovoid-oblong ovary and a columnar, erect, style, but its size is also slightly variable.
Urginea eriospermoides Baker (1887: 126) was described from material sent by MacOwan and cultivated at Kew. Baker considered this species to differ from O. anomalum in its two, synanthous, terete leaves, only one fully developed, and in the whitish perianth with a broad, brown keel. However, the study of the holotype (K000257355!) revealed no differences with respect to the typical G. anomala, and the presence of two leaves per bulb can be regarded as due to cultivation conditions, a character also observed occasionally in nature. The whitish colour of flowers, as commented above, is also considered as part of the intraspecific variability.
At present, we were not able to find discrete patterns supporting the recognition of different taxa within the studied populations, although further morphological studies using living material and genetic analyses are needed to better understand this group of plants. This may facilitate the recognition of different taxa within this species complex. The considerable morphological variation observed in the current circumscription of G. anomala includes narrow to thicker leaves, which are synanthous or proteranthous; smooth to papillate base of peduncle; short to relatively long flower pedicels; and diverse colour and size of flower portions. This morphological variability may be due to either introgression among different ancient taxa co-occuring in the center of diversity of the genus (eastern Western Cape Province and western Eastern Cape Province), or to recent diversification within the group.
Studied materials:-SOUTH AFRICA. Western Cape. Victoria West (3123) the apex, 1.4-1.9 mm long, mostly erect or slightly spreading, adnate to the base of tepals for less than 1 mm, smooth; anthers yellow, oblong, ca. 0.8 mm long, dorsifixed, dehiscing along their whole length; pollen yellow. Ovary oblong, truncate to the style, 1.7-1.8 × 0.8-1 mm, green; style white, thickened, columnar, 1.3-1.7 mm long, erect, trigonous in section; stigma three-lobed and papillose. Capsule ovate, trigonous, 3.8-4.2 × 2.8-3.2 mm, loculicidal, the 3 valves splitting to the base, with the withered perigone segments circumscissile below and forming an apical cap. Seeds polygonal or irregularly compressed, 1-1.5 × 0.8-1 mm, black, with wrinkled-rugose testa.
Etymology:-Named after the very short filaments, which are less than half the length of tepals. Phenology:-Geschollia brachyandra flowers around October-November and fruits in December-January.
Habitat:-At a broad scale, the vegetation of the three known localities of G. brachyandra is mapped as Bhisho Thornveld in the Savanna Biome (Mucina & Rutherford 2006) . At a finer scale, the Subtropical Thicket Ecosystem Planning (STEP) Project mapped the localities as Grahamstown Grassland Thicket. This vegetation unit is described as a mosaic of low thicket (2-3 m) consisting of small bush clumps in a matrix of short (0.1-1 m) grassland vegetation. Fynbos elements occur within the grassland matrix on moist south-facing slopes. Many rare and localised endemic species occur in the grassland associated with this unit. Non-seasonal rainfall dominates the region with MAP between 376 and 696 mm. The mean monthly maximum is 26.90 °C in February and the mean monthly minimum is 6.96 °C in July (Vlok & Euston-Brown 2002) .
Distribution:-Geschollia brachyandra is only known from three localities northwest of Grahamstown, at Table  Farm and Burntkraal farms, in the Eastern Cape Province in South Africa (Fig. 5 ). Further research is needed to more accurately establish the distribution range of this species. Diagnostic characters and taxonomic relationships:-G. brachyandra shows a unique combination of morphological characters, such as the hypogeal bulb with a neck surrounded by cataphylls which show dark, usually raised, transversal bars; the small reddish, campanulate flowers, with very short and suberect filaments of 1.4-1.9 mm long (less than half the length of tepals); and the small ovary (1.7-1.8 mm long) and style (1.3-1.7 mm long). G. calcarata approaches G. brachyandra in the solitary narrow leaf, and elongated, multiflowered inflorescence, but the former differs in the larger, white flowers, with filaments 2.5-4 mm long, about as long as the tepals; larger gynoecium; and leaf base not surrounded by distinct zebrine cataphylls.
Additional material studied (paratypes):-SOUTH AFRICA. Eastern Cape. Grahamstown (3326) : Table farm Bulb hypogeal, solitary or rarely splitting, ovate to subglobose, slightly depressed in old plants, 12−23 × 10−26 mm, usually extended into a short hypogeal neck up to 1 cm long, with pale brown to greyish, membranous outer tunics and white fleshy tightly packed inner tunics. Roots fleshy, white, branched, 10−50 × 0.7−1.5 mm. Leaf solitary, terete, 5−21 × 0.10−0.25 cm, suberect, curved, smooth, glabrous, very slightly striate with prominent longitudinal nerves, usually withering from the tip showing transverse abscission plates, green, leathery, usually synanthous. Inflorescence 1 per bulb, rarely 2; raceme elongated, 2−10 cm long, erect, with 8−30 flowers; peduncle elongated, 12−25 cm long, greyish-green, erect, straight, smooth; flower pedicels 4-6 mm long, patent to suberect at anthesis. Bracts lanceolate, acute, ca. 1 mm long, brownish, the lowermost with a long spur ca. 4−6 mm long; bracteoles absent. Flowers pentacyclic, trimerous, stellate, erect-patent, diurnal. Tepals 6, biseriate, white, with a discrete green stripe along the middle of the perigone segments, more evident on the abaxial side, slightly reflexed at full anthesis, shortly connate at the base for less than 1 mm, narrowly lanceolate-oblong, 4.5-5.3 × 1-1.5 mm, glandulous at apex. Stamens 6; filaments filiform, subfusiform, attenuate to the apex, 2.5-4 mm long, spreading, adnate to the base of the tepals for less than 1 mm, smooth; anthers yellow, oblong, ca. 1 mm long, dorsifixed, dehiscing along their whole length; pollen yellow. Ovary ovate-oblong, truncate to the style, 1.5-2 × 0.8-1.2 mm, green, sometimes with white maculae along septal nectaries; style erect, white, thickened, columnar or rarely obtriangular, 1.5-2(-2.5) mm long, trigonous in section; stigma three-lobed and papillose. Capsule ovate, trigonous, 4-4.5 × 2.5-3 mm, loculicidal, the 3 valves splitting to the base, with the withered perigone segments circumscissile below and forming an apical cap. Seeds polygonal or irregularly compressed, 1.2-2.1 × 0.6-1.1 mm, black, with wrinkled-rugose testa.
Etymology:-Named after the large spurs of the lowermost bracts. Phenology:-Geschollia calcarata flowers at different times of the year, related to rainfall patterns, but mostly between September and March.
Habitat:-G. calcarata is found in diverse biomes, such as Albany Thicket, Fynbos, Grassland, Nama-Karoo, Savanna and Succulent Karoo (Mucina & Rutherford 2006) . Its populations range from coastal regions to high mountains and grow in a wide range of sandy to rocky soils.
Distribution:-G. calcarata is known from several localities in the Eastern Cape Province with some populations in the western regions of the Western Cape Province, and southern KwaZulu-Natal Province in South Africa, and Lesotho (Fig. 8) .
Diagnostic characters and taxonomic relationships:- G. calcarata can be recognized by the solitary bulb (rarely splitting) with a single, terete, narrow leaf (to 2.5 mm wide in mature plants) and elongated peduncle and raceme together with the small capsules and seeds typical of the genus. However, our studies evidence a considerable variation in flower colour, morphology and size of tepals, filaments length and gynoecium size. Some populations from the Little Karoo, east of Calitzdorp (ABH74916) differ from typical plants in their styles being slightly longer than the ovary and obtriangular (Fig. 7) . Other populations present brownish, papery cataphylls at the base of the leaf (Dold 612 GRA!). The species, as here circumscribed, covers different habitats, from coastal areas to elevated mountainous regions. The species is centered in the Eastern Cape Province of South Africa, but some disjunct populations are also found in the surroundings of Pietermaritzburg: Schlechter 3290 (BOL61283!, PRE0559667!, GRA!); Schlechter 3004 (GRA!); Moll 1850 (PRE0048648!); Martínez-Azorín et al. MMA1439 (ABH74241). Our genetic studies (Martínez-Azorín et al. in prep.) showed a considerable variability in the studied populations, which together with their diverse habitats and morphological variability indicate the need for further research. Jessop (1977) included the name Ornithogalum calcaratum among nomina dubia citing "Type: not located and description inadequate. Probably a species of Drimia", but accepted a very broad concept of Drimia modesta (Baker 1892: 6) Jessop (1977: 302) including 13 heterotypic synonyms covering a large morphological variability and distribution in South Africa. Hilliard & Burtt (1985) , however, cited the illustration by Fitch as type and restricted the species concept to include only the name Urginea modesta Baker (1892: 6) from Pondoland, South Africa, as synonym. Stedje (1987 Stedje ( , 1996 and Stedje & Tulin (1995) also accepted Fitch's illustration as type and extended the distribution range of Drimia calcarata to East Africa, describing seeds from that area as 3-4 mm long. The most recent revision of Drimia sensu lato by Manning & Goldblatt (2018) cites that "As circumscribed by Jessop (1977) , Drimia calcarata included several taxa from the Cape Floristic Region that are now understood to be distinct species, namely D. dregei and D. salteri […], D. hesperantha […] and D. virens […]". As Jessop (1977) considered Ornithogalum calcaratum as "nom. dub.", hence Manning & Goldblatt (2018) refer rather to the very wide Drimia modesta concept of Jessop (1977) . Furthermore, Manning & Goldblatt (2018) follow previous authors in describing seeds of Drimia calcarata as 3-4 mm long, which is out of range for any known Geschollia species.
Comments on other taxonomic treatments and current circumscription:-
In summary, our circumscription of G. calcarata strongly differs from that adopted in recent revisions of Drimia s.l. Our studies, based on genetic analyses including several samples of Drimia modesta and related species (Martínez-Azorín et al. in prep.) , revealed that the taxa originally described from eastern South Africa (mostly KwaZulu-Natal and Gauteng Provinces) and synonymised by Jessop (1977) and later authors to Drimia modesta or Drimia calcarata, form a sister clade to Geschollia that differs in presenting several leaves per bulb, in combination with larger capsules and seeds. Accordingly, those names are not included in this account and will be treated in the revision of Urgineoideae (Martínez-Azorín et al. in prep.) . In this treatment, G. calcarata is near-restricted to the Eastern Cape Province, with a few populations in southern KwaZulu-Natal and eastern Western Cape Provinces).
Additional material studied:-SOUTH AFRICA. Western Cape. Ladismith (3321) (Fig. 9) Geschollia globuligera resembles G. zebrina in flower morphology based on the filaments with distinct retrorse papillae and the gynoecium morphology with long deflexed curved style, however the former differs in the bulbs composed by 10−12 loose, subglobose and shortly pedunculated scales (not compact), the lack of zebrine cataphylls surrounding the leaf base (present in the latter species) and the oblong, truncate ovary (not ovate and attenuate to the style). 15−32 × 0.15−0.2 cm, suberect, curved, smooth, glabrous, striate with longitudinal nerves, usually withering from the tip showing transverse abscission plates, green, reddish-purplish at base, leathery, withered or almost withered at flowering time. Inflorescence 1 per bulb; raceme elongated, 7−10 cm long, with 10−16 flowers, erect, with slightly sinuouse axes; peduncle elongated, 25−35 cm long, green to greyish, purple at base, erect, usually slightly sinuouse and sometimes with a distinct bent at base, smooth; flower pedicels 3-4 mm long at anthesis, patent to suberect, slightly elongating in fruit to 5-6 mm long and erect. Bracts lanceolate, acute, ca. 1 mm long, purplish, the lowermost with a spur ca. 1.5-2 mm long; bracteoles absent. Flowers pentacyclic, trimerous, stellate, erect-patent, flowering in the morning. Flowers white, with a distinct purplish stripe along the middle of the perigone segments, more evident on the abaxial side. Tepals 6, biseriate, reflexed at full anthesis, shortly connate at base for ca. 1 mm, lanceolate, 6.5-8 × 1.8-3 mm. Stamens 6; filaments filiform, attenuate to the apex, 5.5-6 mm long, erect to slightly spreading, adnate to the base of the tepals for less than 1 mm, covered by distinct retrorse elongated papillae along the upper 2/3 of their length; anthers yellow, oblong, ca. 1.3 mm long, subbasifixed, dehiscing along their whole length; pollen yellow. Ovary oblong, truncate to the style, 1.9-2.3 × 0.9-1.1 mm, green with longitudinal white areas between septal nectaria; style white, narrowly columnar, 5-6 mm long, deflexed, trigonous in section; stigma slightly three-lobed and papillose. Capsule ovate, 5-6 × 2.5-3.2 mm, trigonous, loculicidal, the 3 valves splitting to the base, with the withered perigone segments circumscissile below and forming an apical cap. Seeds numerous per locule, subtrigonous or subpolygonal and irregularly compressed, 1.1-1.7 × 0.7-0.9 mm, brownish black, with slightly tuberculate testa.
Etymology:-Named after the subglobose, loose, thickened bulb scales. Phenology:-Geschollia globuligera flowers in January at the type locality, opening at dawn and closing about noon. The species seems to flower after fires.
Habitat:-This species occurs in fairly coarse sandy soil derived from Ordovician sandstones of the Table  Mountain Group, on flats dominated by fynbos vegetation. The only known population occurs in Algoa Sandstone Fynbos vegetation. This area is characterized by rainfall throughout the year (mean annual precipitation 680 mm) with a slight peak in March and October, with a mean annual temperature of 17º C and only three days of frost per year (Mucina & Rutherford 2006) .
Distribution:-G. globuligera is only known from the type locality in the Van Stadens Wildflower Reserve, west of Port Elizabeth in the Eastern Cape Province of South Africa (Fig. 5 ). Further research is needed to establish the distribution range of this species.
Diagnostic characters and taxonomic relationships:-G. globuligera is unique in the genus in having hypogeal bulbs composed by 10−12, loose, subglobose and shortly pedunculated scales and the large flower with tepals 6.5−8 mm long. Flower morphology of this species approaches G. zebrina, based on the filaments with distinct retrorse papillae and the long deflexed curved style. However, G. zebrina differs by the compact bulb, with a zebrine cataphyll surrounding the leaf, the smaller flower with tepals 5−6 mm long, and the ovary attenuate to the style, among other characters.
Additional material studied ( Bulb hypogeal, solitary, ovate, 10−35 × 10−32 mm, extended into a very short epigeal neck up to 1 cm long, with pale grey-brown membranous outer tunics and white fleshy tightly packed inner scales. Roots fleshy, white, branched, 8−25 × 1 mm. Leaf solitary, terete, withered or almost withered at flowering time, aerial portion 10−20 × 0.2 cm, suberect, curved, green, smooth, glabrous, very slightly striate with prominent longitudinal nerves. Inflorescence long racemose, raceme 15−22 cm long, with 50−90 flowers; pedicels 20−25 mm long at anthesis, smooth, glabrous, subpatent; peduncle 18−25 cm long, erect, greyish, minutely papillose at basal portion; bracts ovate-lanceolate, small, 1−1.5 mm long, clasping the pedicels, spurred, the lowermost with a spur ca. 2 mm long, membranous, brownish. Flowers pentacyclic, trimerous, stellate, diurnal; tepals white on the adaxial side with a greenish longitudinal central band on the abaxial side, lanceolate-oblong, 4.5−5.5 × 1.6−1.8 mm, free from the base or only connate for ca. 0.5 mm at base, strongly reflexed at anthesis exposing stamens and gynoecium, glandulous at apex, biseriate, outers slightly overlapping inners at base, with recurved margins at anthesis. Stamens 6, suberect, shortly adnate to perigone for ca. 0.5 mm; filaments white, terete, filiform, slightly curved, 4.5−5 × 0.2 mm, smooth; anthers yellow, oblong, ca. 1 mm long before dehiscence, dorsifixed, dehiscing by longitudinal slits, with yellow pollen. Ovary yellowish-green, ovate, contracted to the style, 1.3−1.6 × 1 mm; style white, columnar, 3.2−3.7 mm long, slightly deflexed and curved, trigonous in transversal section; stigma small and glandulose. Capsule and seeds not studied.
Etymology:-Named after the long flower pedicels at the anthesis, being unique in the genus. Herbaceous deciduous geophyte. Bulb hypogeal, solitary, ovate to subglobose or sometimes depessed in old bulbs, 10−20 × 7−24 mm, extended into a hypogeal neck up to 25 mm long, with pale grey-brown membranous outer tunics and white fleshy tightly packed inner scales. Roots fleshy, white, branched, 10−30 × 1 mm. Leaf solitary, terete, withered or almost withered at flowering time, aerial portion 2−4.5 × 0.05−0.15 cm, suberect, curved, green, smooth, glabrous. Inflorescence a short raceme 2−10 mm long, with 1−3 flowers; peduncle 20−50 mm long, erect, greyish, smooth; pedicels 2−4 mm long at anthesis, smooth, glabrous, spreading; bracts ovate-lanceolate, ca. 1 mm long, clasping the pedicels, spurred, the lowermost with a spur ca. 0.5 mm long, membranous, brownish. Flowers pentacyclic, trimerous, stellate, diurnal; tepals white on the adaxial side with a pale reddish-brown coloured longitudinal central band on the abaxial side, lanceolate-oblong, 5−6.5 × 1.4−1.8 mm, glandulous at apex, biseriate, outers overlapping inners at base, almost free from the base or connate only for ca. 0.5 mm at base; with margins slightly recurved at anthesis. Stamens 6, suberect to spreading, shortly adnate to perigone for ca. 0.5 mm; filaments white, terete, filiform or slightly fusiform, attenuate to the apex, 4.5−5.5 × 0.2 mm, smooth or minutely papillate; anthers yellow, oblong, ca. 1 mm long before dehiscence, dorsifixed, dehiscing by longitudinal slits, with yellow pollen. Ovary pale orange, ovate-oblong, somewhat truncate to the style, 2.2−2.5 × 1−1.3 mm; style white, columnar, 1.9−2.2 mm long, erect, trigonous in transversal section; stigma small and slightly papillate. Capsule ovate, 4−4.5 × 3.5 mm, loculicidal, the 3 valves splitting to the base, with the withered perigone segments circumscissile below and forming an apical cap. Seeds narrowly triangular-pyramidal, 1.3−1.8 × 0.8−1 mm, dark black, with rough texture.
Etymology:-Named after the difficulty of detecting the species due to its minute size and its hidden position amongst rocks (Williamson 2012) .
Phenology:-Geschollia occultans flowers in late summer (March) in southern Africa. Flowers open towards late morning and wither the same day in the late afternoon (Williamson 2012) .
Habitat:-G. occultans grows in sandy patches, sheltered between slabs of grey-blue to black metamorphosed schist covered in places by fine windblown sand, usually on southwestern aspects (Williamson 2012) . Its populations are located in the Desert biome with Dn4 Western Gariep Lowland Desert. This area receives predominant winter rains (mean annual precipitation 45−60 mm) with an estimation of 50−60 days of fog per year. Temperatures are generally relatively mild due to the cooling effect of the nearby Atlantic Ocean, but can be up to 48 ºC on berg-wind days, with no occurrence of frost. Winds and sand storms are frequent (Mucina & Rutherford 2006) . Distribution:-G. occultans was described from a single population in southern Namibia. Our field work along the banks of the lower Orange River revealed three further populations that represent a first record of this species in South Africa (Fig. 5) .
Diagnostic characters and taxonomic relationships:-G. occultans is characterized by the proteranthous, solitary, terete, short and thin leaf; the short raceme with few flowers; the comparatively large flowers in relation to plant and leaf size, and the narrowly triangular-pyramidal seeds. It shares the main diagnostic characters of Geschollia, such as the terete, single leaf, and small, polygonal seeds, but differs in size of leaves, size and morphology of flower organs, capsule and seed morphology, and in habitat and distribution. Moreover, our phylogenetic analyses included two samples of G. occultans from two populations, and confirmed their inclusion in Geschollia.
Additional material studied:-SOUTH AFRICA. Northern Cape. Oranjemund (2816) Bulb hypogeal, proliferous by bulb division and clump forming, narrow and distinctly elongated, commonly transversally constricted, single bulbs 30−40 × 10−13 mm, with pale brown to greyish membranous outer tunics and white fleshy, tightly packed inner tunics, usually extended into a short hypogeal neck up to 7 mm long surrounded by a single broad, acuminate, greyish cataphyll that sheaths leaves. Roots fleshy, white, branched, 10−90 × 0.5−1.8 mm. Leaves usually 2 per bulb, rarely 3 as a thin, small leaf, giving the appearance of bunches of leaves due to the proliferous nature of the bulbs, which soon produce leaves at early stages of bulb splitting with the resulting sister bulbs sharing the mother outer tunics, 5−30 × 0.08−0.2 cm, terete, suberect, curved, smooth, glabrous, very slightly striate with prominent longitudinal nerves, usually withering from the tip showing transverse abscission plates, green, synanthous in cultivation. Inflorescence 1−2 per bulb; raceme 6−8 cm long, suberect to slightly bent, with 15−25 flowers; peduncle elongated, 13−17 cm long, suberect, curved, green, purplish at base, smooth; flower pedicels 4-5 mm long, patent at anthesis. Bracts lanceolate, acute, ca. 1 mm long, brownish, the lowermost with a spur ca. 1.5 mm long; bracteoles absent. Flowers pentacyclic, trimerous, stellate, erect-patent, diurnal. Tepals 6, biseriate, white, with a purplish longitudinal stripe along the middle on the abaxial side, reflexed at full anthesis, shortly connate at base for less than 1 mm, narrowly lanceolate-oblong, 4.8-5.5 × 1.7-2 mm, glandulous at apex. Stamens 6; filaments filiform, subfusiform, attenuate to the apex, 2.3-2.8 mm long, spreading, adnate to the base of the tepals for less than 1 mm, smooth; anthers yellow, oblong, ca. 0.8 mm long, dorsifixed, dehiscing along their whole length; pollen yellow. Ovary oblong, truncate to the style, 1.8-2 × 0.9-1.1 mm, green; style white, thickened, columnar, ca. 2 × 0.5 mm, erect, trigonous in section; stigma three-lobed and papillose. Capsule ovate, trigonous, 4.5-5.5 × 3.5-4 mm, loculicidal, the 3 valves splitting to the base, with the withered perigone segments circumscissile below and forming an apical cap. Seeds polygonal or irregularly compressed, sometimes elongated, 1.8-2.4(2.8) × 0.8-1.4 mm, black, with wrinkledrugose testa.
Etymology:-Named after the proliferous bulbs of this species, a distinct character not found in other known species in Geschollia.
Phenology:-Geschollia prolifera flowers in October-November, and fruits are produced in December-January. Habitat:-This species grows on bare exposed sandstone rock sheets along edge of grassland bordering forest, sharing its habitat with many geophytes and succulents. The vegetation at the type locality is classified as Amathole Montane Grassland (Mucina & Rutherford 2006). Distribution:-G. prolifera is only known from the type locality at Fort Fordyce Reserve, ca. 16 km NW of Fort Beaufort, in the Eastern Cape Province in South Africa (Fig. 5 ). Further research is needed to establish the distribution range of this species.
Diagnostic characters and taxonomic relationships:-G. prolifera is easily identified by the proliferous bulbs and the 2(−3) leaves per bulb, giving the appearance of bunches of leaves and inflorescences. The single, terete leaf is one of the distinct characters defining Geschollia, although in some species such as G. anomala, a second leaf can be produced in cultivated plants. The typical presence of 2(−3) leaves per bulb in G. prolifera can be understood as a secondary adaptation linked to the proliferous nature of the bulbs, which produce leaves soon after splitting. The resultant sister bulbs share the mother bulb outer tunics. The inflorescence and flower morphology of G. prolifera approaches G. calcarata, but the latter species presents single bulbs and leaves, and never clumps. (Fig. 13) Geschollia zebrina resembles G. globuligera in flower morphology, both sharing filaments with retrorse elongated papillae and the deflexed and curved style, but the former differs by the compact bulb scales (not loose, globose, thickened and pedunculated), the presence of transversally-banded (zebrine) cataphylls surrounding the leaf base and the attenuate-ovate ovary (not truncated to the style). Herbaceous deciduous geophyte. Bulb hypogeal or only slightly epigeal in the upper portions and then photosynthetic, solitary, ovate, 20−50 × 8−20 mm, sometimes extended into a short neck up to 1 cm long, with pale brown to greyish, slightly leathery outer tunics and white fleshy tightly packed inner tunics. Roots fleshy, white, branched, 8−50 × 0.7−1 mm. Leaf solitary terete, 6−25 × 0.08−0.15 cm, suberect, curved, smooth, glabrous, very slightly striate with prominent longitudinal nerves, usually withering from the tip showing transverse abscission plates, green, leathery, withered or almost withered at flowering time, surrounded by a sheathing membranous zebrine cataphyll 20−50 mm long bearing transversally raised dark bands. Inflorescence 1 or rarely 2 per bulb; raceme elongated, 10−25 cm long, with 20−30 flowers, erect; peduncle elongated, 10−18 cm long, greyish, erect or slightly curved, smooth; flower pedicels 4-6 mm long, subpatent at anthesis. Bracts lanceolate, acute, ca. 1 mm long, purplish, the lowermost with a spur ca. 3 mm long; bracteoles absent. Flowers pentacyclic, trimerous, stellate, erect-patent, flowering in the afternoon-evening. Flowers white, with a discrete green stripe along the middle of the perigone segments, more evident on the abaxial side. Tepals 6, biseriate, strongly reflexed at full anthesis, shortly connate at base for ca. 1 mm, lanceolate-oblong, 5-6 × 1.8-2.2 mm. Stamens 6; filaments filiform, subfusiform, attenuate to the apex, 3-4 mm long, erect to slightly spreading, adnate to the base of the tepals for less than 1 mm, coated by distinct retrorse elongated papillae along the upper 2/3 of their length; anthers yellow, oblong, ca. 1 mm long, dorsifixed, dehiscing along their whole length; pollen yellow. Ovary ovate, attenuate to the style, 1.7-1.9 × 0.8-0.9 mm, pale orange; style white, narrowly columnar, 4-4.5 mm long, deflexed and curved at base, trigonous in section; stigma slightly three-lobed and papillose. Capsule and seed not studied.
Etymology:-Named after the distinct zebrine epigeal cataphyll that sheaths the base of the single terete leaf. Phenology:-Geschollia zebrina flowers during May in cultivation in Europe.
Habitat:-This species occurs in patches of open succulent vegetation on stony ground where plants are sheltered by rocks. The only known population is located in the Little Karoo region with Eastern Little Karoo vegetation, characterized by an aseasonal rainfall (mean annual precipitation 290 mm) with a slight optimum in March and pronounced decline in summer (December-January), with a mean annual temperature of 17 ºC and fairly frequent frost (Mucina & Rutherford 2006) .
Distribution:-G. zebrina is only known from the type locality, near Oudtshoorn in the Western Cape Province of South Africa (Fig. 5 ). Further research is needed to establish the distribution range of this species.
Diagnostic characters and taxonomic relationships:-G. zebrina is unique in the genus in having a zebrine, transversally-banded cataphyll together with filaments bearing distinct retrorse papillae, an ovate ovary and deflexed, curved style. Flower morphology of G. zebrina resembles that of G. globuligera based on the filaments with retrorse elongated papillae and the deflexed and curved style, pointing to a close relationship between these two species. However, G. globuligera clearly differs in its bulb with loose, globose and thickened pedunculated bulb scales, and the truncate ovary, among other characters. A sample of G. zebrina in our phylogenetic analyses (not shown) confirmed its inclusion in Geschollia. 
